Traumatic injuries occur in up to 7% of all pregnancies with 70% of major blunt abdominal injuries in pregnant women being caused by a motor vehicle accident (MVA). [1] [2] [3] [4] Placental abruption is the most common cause of fetal death following MVA as described in the literature. 5 Previous reports of fetal deaths in utero associated with MVA trauma have also identified maternal hypovolemia as an equally significant etiologic factor. 6 Gravid uterine injuries such as rupture, infarction, and laceration have also been described. 7, 8 We report two unusual causes of fetal morbidity and mortality from MVA: death from disseminated intravascular coagulopathy (DIC) and small bowel rupture (acceleration and deceleration injury).
Methods
We did a retrospective review of two MVA episodes to pregnant mothers. Clinical details were obtained from hospital charts.
Case Reports Case 1
A 1295-gm white male, at 31 weeks' gestation, was emergently delivered using cesarean section because of fetal distress following an MVA. The Apgar scores were 2, 5, and 7 at 1, 5, and 10 minutes, respectively. Physical examination of the mother revealed abdominal and thoracic ecchymoses caused by her seat belt and shoulder restraint. The premature infant was intubated and treated for surfactant deficiency disorder. The infant was noted to have abdominal distension on the second day of life, and the subsequent radiographs revealed pneumoperitoneum with no clinical or radiographic evidence of necrotizing enterocolitis ( Figure 1 ). An upper gastrointestinal series demonstrated a contrast leak at the level of the duodenal-jejunal junction ( Figure  2) , and a free spillage of contrast material was observed in the follow-up radiograph ( Figure 3 ). Subsequent laporotomy revealed that the serosa had been stripped from a portion of small bowel at the attachment of the ligament of Treitz. The underlying devascularized mucosa contained a full-thickness bowel injury, which is a classic acceleration-deceleration injury that occurs in restrained passengers in MVAs. The full-thickness bowel injury was surgically repaired. Unfortunately, this premature infant later developed bilateral grade IV intraventricular hemorrhage with subsequent poor neurologic outcome.
Case 2
The second case was a 30-week gestation white female with a birth weight of 1185 gm delivered by emergency cesarean section following MVA due to fetal distress. The Apgar scores were 1, 2, and 4 at 1, 5, and 10 minutes, respectively. The infant then developed DIC, a dangerous condition commonly observed in pregnant women following mechanical injuries. In addition, to surfactant deficiency disorder, the premature infant also had generalized bleeding and large ecchymoses at birth. She subsequently developed grade III intraventricular hemorrhage within the first 12 hours of life and was noted to have early-
onset renal failure. She remained critically ill for a prolonged period of time and developed multiorgan failure. She finally succumbed to irreversible renal failure at 5 months of age.
Discussion
MVAs have a wide range of outcomes from minimal to very serious, depending on the severity of the accident. If the victim happens to be a pregnant mother, the consequences can be even more devastating to the mother, because of her altered physiology, and to her fetus. 9 When a pregnant driver's gravid abdomen is impacted on the steering wheel, deforming forces are transferred to the uterus; but the placenta, being less compliant in nature, is unable to conform to the more elastic uterine wall. This frequently results in placental separation, but rarely in placental laceration. 10 Shearing forces between the placenta and the wall of the uterus occur due to either direct injury to the uterus or as a result of the acceleration-deceleration forces acting on the uterus that may cause abruption of the placenta, the commonest cause of fetal death in an MVA. 9 Subsequent maternal and fetal bleeding may ensue, and fetal death can even result from exsangui- nation because the fetal circulation is lost into the maternal circulation or, more rarely, into the uterine cavity. 10 No previous cases of isolated trauma to the fetal small intestine resulting from maternal seat belt wearing in an MVA have been reported. One of our cases clearly illustrates that the fetus is exposed to the same acceleration-deceleration forces as the mother and may subsequently have a full-thickness tear at the level of the ligament of Treitz. This tear is typically observed in adults, resulting from the shearing force that pulls the small intestine away from the fixed ligament of Treitz at high velocity.
The development of coagulopathy in the mother is common following uteroplacental abruption or amniotic fluid embolism as a result of activation of the fibronolytic system. DIC can also occur in the fetus following MVA as evidenced by case 1. Therapy for DIC in infants is controversial and may involve treatment with fresh-frozen plasma, platelet transfusion, and whole blood. 11, 12 Reported cases of direct injury to the fetus through maternal trauma are rare probably because of the protective nature of the maternal soft tissues, uterus, and amniotic fluid. 10, 13, 14 In addition, during the first 12 weeks of pregnancy, the uterus is a pelvic organ and, therefore, it is protected by the mother's bony pelvis. 1 Rarely, fetal skull injury may occur directly as a result of MVA to the mother. Fetal parietal bone fractures can occur when the maternal pelvis is fractured with the head deeply engaged. 15 Fractures of clavicle and long bones have been reported. 16 Rarely, the spinal cord may be injured in MVA due to the position of the lap seat belt, which can torque or twist the fetal spinal cord. In addition, if there is vascular compromise of the artery of Adamkiewicz, paraplegia and spinal atrophy may result. 17 Fetal cerebral trauma and intracranial hemorrhage have been associated with serious maternal injury, placental abruption, and fetal death. These can be associated with subsequent neonatal neurologic impairment. 18, 19 Another reported type of injury is the "explosion" type of injury. Sherer et al. 20 describe a case in which blunt abdominal trauma sustained by a pregnant woman in a MVA directly resulted in extensive intrathoracic fetal injuries consisting of bilateral hemothorax, severe bilateral interstitial pulmonary hemorrhages, hemopericardium, and subpericardial hemorrhages, in addition to fetal intracranial damage. The underlying mechanism is thought to be similar to that of an underwater blast injury with transmission of excessive hydrostatic forces throughout the amniotic fluid with severe impact on the elastic fetus. 21 Lastly, prematurity per se also contributes to fetal morbidity and mortality in MVA involving pregnant women as was observed in our cases. 9 In summary, the fetus is in a confined space in the uterus and is therefore not only subjected to the same acceleration and deceleration forces that the mother is exposed to, but at a magnified level because of the transmission of excessive hydrostatic forces throughout the amniotic fluid (that is also confined to an enclosed uterine cavity). A thorough physical examination of the surviving infant following MVA is essential, because multiple internal injuries as a result of mechanical forces may have occurred. DIC, a dreaded occurrence related to maternal injury, can also be a dangerous complication in the surviving infant.
